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be as accurate as desired, some authors have proposed use of
other hemodynamic parameters such as the peak end dias-
tolic velocity or the velocity ratio between the intrastenotic
or the poststenotic velocity and the common carotid artery
velocity to improve the diagnostic accuracy.1-5,7
In the 3 most relevant carotid artery surgery trials,
NASCET,6 the European Carotid Surgery Trial (ECST),8
and the Asymptomatic Carotid Atherosclerosis Study
(ACAS),9 carotid artery stenosis was determined by linear
diameter measurements on angiography. The major angio-
graphic difference between these studies is that the residual
intrastenotic diameter was referenced to the distal ICA in
NASCET and ACAS, whereas it was referenced to the esti-
mated carotid bulb diameter at the site of stenosis in ECST.
On the basis of the final results of NASCET, ECST, and
ACAS, certain degrees of stenosis have been recognized as
clinically relevant: 50% and 60% according to NASCET/
ACAS and 70% according to ECST. These 3 cutoff points
identify a minor, although significant, benefit from surgery.
The evidence for surgery is highly significant when a symp-
tomatic ICA stenosis is 70% or greater according to
NASCET or when it is 80% or greater according to ECST.
Although applying PSF to diagnose ICA stenosis is a com-
monly accepted technique, some authors argue about the
accuracy of frequency/velocity–derived data.10-12 Thus
other ultrasound attempts to diagnose ICA stenosis seem
worthwhile to be investigated with the aim to eventually
overcome these discussions.
The diagnosis of internal carotid artery (ICA) stenosis by
means of ultrasound scanning is based on the relationship
that Doppler shift-frequency or blood flow velocity increases
with the increasing degree of stenosis. Comparison between
Doppler methods and angiography remains the standard to
evaluate duplex sonography in spite of the fact that angiog-
raphy itself can be a considerable reason for deviating results
because angiography provides usually 2-dimensional infor-
mation whereas the Doppler information emerges from a 3-
dimensional sample volume. On the other hand, there are
examiner-dependent and equipment-dependent differences1-
4 when ultrasound scanning is used. To give an example,
Carpenter et al5 reported a peak systolic velocity of 170 cm/s
to distinguish 60% stenosis as defined by the North American
Symptomatic Carotid Surgery Trial (NASCET).6 For the
same purpose Moneta et al7 reported 260 cm/s. Because the
isolated use of peak shift-frequency (PSF)/velocity may not
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Objective: We investigated the accuracy of color-flow Doppler (CD) scanning, power Doppler (PD) scanning, and peak
systolic Doppler frequency shift (PSF) in assessment of carotid artery stenosis with angiography used as gold standard,
including the measurement techniques used in the North American Symptomatic Carotid Surgery Trial (NASCET) and
the European Carotid Surgery Trial (ECST).
Methods: Fifty-eight consecutive patients diagnosed for carotid artery surgery underwent color-coded duplex sonogra-
phy and angiography. The duplex examination included the assessment of PSF and the videotaping of sagittal images
in CD and PD mode from the proximal common carotid artery to the distal internal carotid artery. Two experienced
examiners performed the studies, but once one examiner had done the taping, the other examiner was allowed only to
review the tape. Separately, each examiner reviewed the tapes and determined by cursor settings each stenosis accord-
ing to NASCET and ECST. For interobserver agreement kappa statistic was used. To compare with angiography
(degree of stenosis 40%, 50%, 60%, 70%, and 80%) sensitivity, specificity, positive and negative predictive values, and
overall accuracy were calculated. PSF cut-off frequencies were based on receiver operator curve analysis.
Results: Because interobserver agreement in CD and PD was good (chance-corrected kappa > 0.6), further analysis used
the between-observer mean value for each stenosis. With the NASCET measurement technique, accuracy of Doppler
techniques to distinguish a 50% stenosis was 89% for PSF, 91% for CD, and 93% for PD; for a 70% stenosis it was 83%
for PSF, 84% for CD, and 81% for PD. With the ECST measurement technique, accuracy to distinguish a 70% stenosis
was 86% for PSF, 88% for CD, and 86% for PD; for an 80% stenosis it was 87% for PSF, 87% for CD, and 77% for PD.
Conclusion: CD and PD carotid artery stenosis measurements are highly reproducible, and in our hands provided accu-
racy equal to PSF. (J Vasc Surg 2001;34:1090-5.)
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One recent approach is to use direct measurements
from color-coded duplex sonography (CCDS) images to
estimate stenosis rather than PSF or peak systolic velocity
measurements. Direct diameter measurements from color-
flow Doppler (CD) and power Doppler (PD) images have
been reported to correlate significantly with angiography
for both the ECST13,14 and the NASCET15 measurement
technique. However, a direct comparison of CD and PD
image measurements to Doppler frequency shift and
angiography is lacking. Such a comparison seems neces-
sary to elucidate their clinical usefulness.
METHODS
Fifty-eight consecutive patients (49 men, 9 women;
mean age, 62 ± 10 years) who were diagnosed for carotid
artery surgery underwent both CCDS examination (HDI
3000, Advanced Technology Laboratories, Bothwell,
Wash; L10-5 MHz probe, total scan depth 38 mm) and
intraarterial selective digital subtraction angiography. The
CCDS examination including stenosis estimation was per-
formed before angiography in each patient. The study was
approved by the Institutional Review Board, and all
patients gave informed consent.
CCDS examination
By adjusting the grain of the gray-scale B-mode scanner,
the vascular lumen was visualized homogeneously black.
With the CD mode, the PSF was recorded at the site of the
tightest ICA narrowing with a 5-MHz Doppler transmitting
frequency and an angle of insonation of 60 degrees. After
measurement of PSF, the color-flow gain was adjusted to
visualize the blood flow within the stenosis as clearly as pos-
sible without random color speckle in the surrounding tis-
sue. After CD mode, the procedure was repeated in power
Doppler (PD) mode at a constant pulse repetition frequency
at 3 kHz with adjustment of the color-flow gain, again in the
way that the blood column within the stenosis was best visu-
alized, and no random speckle occurred. The examination in
both CCDS modes was recorded on a super-video-home-
system video recorder by recording the sagittal slices starting
at the proximal common carotid artery, and continuing
along the artery toward the carotid bulb/proximal ICA and
the distal ICA, which was visualized as far as possible. The
CDDS investigations were performed by two experienced
examiners. Each was allowed to perform the videotape
recordings; but once one examiner had taped the examina-
tion, the other examiner was not allowed to do any duplex
examination on that given patient and could only review 
the tape.
Stenosis assessment
By angiography. Cerebral angiography was per-
formed with biplane angiographic equipment (Neurostar,
Siemens, Erlangen, Germany). The angiograms were mag-
Color-coded duplex image of ICA stenosis shows sites of mea-
surements: residual lumen diameter; ↓ European Carotid
Surgery Trial (ECST) reference point; ⇓ North American
Symptomatic Carotid Surgery Trial (NASCET) reference point.
↔
Table I. Quadratic regression analysis between each
angiographic stenosis assessment method and PSF, as
well as color-coded duplex sonography (diameter assess-
ment as definded by angiography)
Angiographic method
Duplex sonography NASCET (r2) ECST (r2)
PSF 0.69 0.71
CD mode
Observer 1 0.73 0.74
Observer 2 0.81 0.73
PD mode
Observer 1 0.76 0.73
Observer 2 0.78 0.65
All regression analyses were highly significant at P < .001.
Table II. Kappa statistics for agreement between the two observers for classifying carotid artery stenosis by means of
diameter measurements on sagittal color-coded duplex sonography images
NASCET ECST
</≥50% </≥70% </≥70% </≥80%
CD 0.73 0.71 0.61 0.51
PD 0.71 0.68 0.82 0.54
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nified (Spiro M 350, Siemens), and the diameter (in mil-
limeters) at the tightest point of stenosis (residual luminal
diameter of the stenosis) was assessed. Two reference
diameters were used for stenosis calculating: for ECST the
diameter of the proximal original ICA at the tightest point
of stenosis was estimated, and for NASCET the luminal
diameter at the distal ICA when the vessel wall became par-
allel. From these measurements the degree of stenosis was
calculated according the formula: Percent stenosis = [1 –
(Residual luminal diameter/reference diameter)] × 100.
By CCDS. By playing back the tapes the two exam-
iners assessed the stenoses in separate sessions. When
played back each image of the tape can be frozen to imple-
ment an analog scale graduated in 1-mm steps. Each
examiner chose the image at which the lumen of interest
was visualized best and implemented the analog scale.
With the intraluminal margin of the vessel wall echo, the
linear diameter was assessed at the distal ICA when the
vessel wall became parallel (NASCET reference point). To
estimate the residual luminal diameter within the stenosis,
the margins of the color-coded blood column at the tight-
est color-coded point was used. For assessment of the
ECST reference diameter at the tightest point of ICA
stenosis, the outer margin of the vessel wall echo was used
(Fig 1). With the linear diameters the ICA stenoses were
calculated according the above-mentioned formula.
In the 58 patients 116 vessels were investigated. Six
ICAs were suggested to be occluded by duplex examina-
tion, which was confirmed by angiography. Twenty ICAs
did not show any plaque formation on angiography or
duplex scanning. Although diameter measurements for
stenosis calculation were possible in all angiograms, in 10
duplex examinations the tightest point of stenosis could
not be measured in both modes because of severe echo
shadowing. The distal ICA was not visualized in five addi-
tional cases because of a very distal location of carotid
artery bifurcation. The resulting pairs for comparison
between angiography and duplex scanning (CD, as well as
PD mode) were 106 for ECST and 101 for NASCET.
Statistical analysis
For a first overall comparison, the relationship between
angiography and PSF and CD and PD scanning was assessed
by quadratic regression analysis. This analysis was performed
for each observer considering differences in the resulting r2
values as an index of agreement/disagreement between the
two observers. For the interobserver comparison in evaluat-
ing ICA stenosis from the tapes, we used a chance-corrected
kappa statistic,16 with those identified in the symptomatic
stenosis trials used as cut-off points (NASCET 50% and 70%;
ECST 70% and 80%). A kappa value < 0.20 indicates poor
agreement, a value between 0.21 and 0.40 a fair agreement,
a value between 0.41 and 0.59 a moderate agreement, a
value between 0.60 and 0.79 a good agreement, and a value
≥ 0.80 an excellent agreement.
With regard to PSF a receiver operator curve analysis
was performed to identify the shift frequency with the high-
est accuracy for each angiographic cutoff point (40%, 50%,
60%, 70%, 80%). As outlined below the interobserver agree-
ment in CD and PD scanning to measure the degree of
stenosis from videotapes can be considered good, leading us
to use the mean of the measurements of both observers for
each stenosis for further analysis (sensitivity, specificity, pos-
itive and negative predictive values, and overall accuracy).
RESULTS
The proportional distribution of the ICA stenoses
was, as defined by NASCET, normal, 20 ICAs; <50%, 40;
Table III. Sensitivity, specificity, positive and negative predictive value, and accuracy of PSF to detect ICA stenosis
classified according to the NASCET
Degree of Peak shift Positive predictive Negative predictive
stenosis (%) frequency (kHz) Sensitivity (%) Specificity (%) value (%) value (%) Accuracy (%)
≥40 5 100 88 92 100 95
≥50 7 90 89 90 88 89
≥60 9 83 98 76 89 84
≥70 10 83 81 67 91 83
≥80 11 65 82 50 89 78
Table IV. Sensitivity, specificity, positive and negative predictive value, and accuracy of PSF to detect ICA stenosis clas-
sified according to the ECST
Degree of Peak shift Positive predictive Negative predictive
stenosis (%) frequency (kHz) Sensitivity (%) Specificity (%) value (%) value (%) Accuracy (%)
≥40 5 91 89 94 82 90
≥50 6 90 92 95 84 91
≥60 7 92 90 92 90 92
≥70 9 85 87 85 87 86
≥80 10 90 86 76 94 87
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50% to 69%, 14; and ≥70%, 27 (including the six ICA
occlusions); and as defined by ECST, normal, 20 ICAs;
<70%, 35; 70% to 79%, 14; and ≥80%, 37 (including the
six ICA occlusions). The quadratic regression analysis
between PSF and angiography resulted in r2 values of 0.69
for NASCET and 0.71 for ECST (Table I). Compared
with the PSF analysis, the corresponding r2 values of the
CD and PD mode of both observers were slightly higher
but not considerably different in most analyses (0.70 to
0.78). When the CCDS results of each observer are classi-
fied according to the defined cutoff points, the agreement
between both observers was good for both cutoff points
in NASCET in both duplex methods (kappa values
between 0.66 to 0.76; Table II). For ECST </≥ 70%
agreement was good to excellent, and it was moderate for
ECST </≥ 80%.
PSF versus angiography
To define the most accurate PSF for each degree of
stenosis, we calculated receiver operator curves. From
these curves the PSF with the best overall accuracy was
used to indicate the cutoff frequency (Tables III and IV).
In both angiographic methods sensitivity, specificity, posi-
tive and negative predictive value, and accuracy showed a
similar pattern, with highest values in the stenosis range of
40% to 60%; at 70% to 80% stenosis, sensitivity and posi-
tive predictive value decreased, whereas specificity and
negative predictive value increased.
CD and PD scanning versus PSF in comparison to
angiography
With the NASCET measurement technique, the val-
ues for sensitivity, specificity, positive and negative predic-
tive value, and accuracy of CD and PD scanning are
reported in Tables V and VI. To distinguish a 50% steno-
sis, accuracy was 89% for PSF, 91% for CD, and 93% for
PD. Accuracy was 84% for PSF, 86% for CD, and 87% for
PD to distinguish a 60% stenosis, and 83% for PSF, 84%
for CD, and 81% for PD to distinguish a 70% stenosis.
With the ECST measurement technique, the values
for sensitivity, specificity, positive and negative predictive
value, and accuracy of CD and PD are outlined in Tables
VII and VIII. To distinguish a 70% stenosis, accuracy was
86% for PSF, 88% for CD, and 86% for PD. To distinguish
a 80% stenosis, accuracy was 87% for PSF, 87% for CD,
and 77% for PD.
DISCUSSION
It is well known that ICA stenosis can be assessed on
angiograms in different ways, with the result that the
degree of stenosis varies with respect to the method
used.17,18 From a restrictive viewpoint, carotid endarterec-
tomy has been proven beneficial only for the ICA stenoses
that were determined by either the NASCET or the ECST
method. These two angiographic methods are the gold
standard for stenosis assessment, and ultrasound methods
for stenosis evaluation should be validated against these
two angiographic methods. The comparison of pulsed-
wave Doppler-dependent methods such as duplex scan-
ning with these defined angiographic methods discovered
observer and equipment dependent discrepancies, with
the result that grading ICA stenosis by means of pulsed-
wave Doppler ultrasound scanning remains controver-
sial.10-12 In CCDS the color-coded blood flow is
superimposed on high-resolution B-mode images that dis-
play the anatomic landmarks precisely. We aimed to inves-
tigate whether the use of the anatomic landmarks is an
appropriate approach to classify ICA stenosis according to
NASCET and ECST. Similar to stenosis assessment by
pulsed-wave Doppler spectral analysis, the CD scanning
mode processes information of frequency or phase shift for
visualization of blood flow. It may therefore not be sur-
Table V. Sensitivity, specificity, positive and negative predictive value, and accuracy of CD mode scanning to detect
ICA stenosis classified according to NASCET
Degree of stenosis (%) Sensitivity (%) Specificity (%) Positive predictive value (%) Negative predictive value (%) Accuracy (%)
≥40 97 84 91 94 93
≥50 95 87 90 93 91
≥60 95 79 77 96 86
≥70 88 82 71 93 84
≥80 48 94 76 83 82
Table VI. Sensitivity, specificity, positive and negative predictive value, and accuracy of PD mode to detect ICA steno-
sis classified according to NASCET
Degree of stenosis (%) Sensitivity (%) Specificity (%) Positive predictive value (%) Negative predictive value (%) Accuracy (%)
≥40 100 83 91 100 94
≥50 96 88 91 95 93
≥60 95 81 80 96 87
≥70 76 84 71 86 81
≥80 46 97 86 83 83
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prising that stenosis assessment with CD scanning turned
out similar results compared with PSF assessment. PD
scanning generates colored blood flow signals on the basis
of the reflected echo amplitude from the blood cells.
Because of the lack of aliasing phenomenon and because
of improved blood-tissue discrimination by special filter
systems, PD mode scanning provides clearer displays of
the intrastenotic lumen14,19 and is believed to be more
accurate for ICA stenosis assessment13,14,19 compared
with CD scanning. In this study, PD mode scanning did
not show the assumed superiority over CD mode scanning
and also demonstrated a greater weakness in evaluating
very tight stenoses (>80%) by use of ECST criteria.
The experience with grading ICA stenosis by means of
diameter measurements in CCDS is evolving yet, and the
results are controversial. Some points have to be
addressed. First, with regard to reader reproducibility,
apart from the 80% ECST stenosis cutoff point, repro-
ducibility in this study was good, indicating that stenosis
assessment by means of linear diameter measurements on
sagittal CCDS images can be reliably performed without
huge differences between CD and PD mode scanning,
confirming the findings of Elgersma et al,15 who per-
formed their study under real-time conditions. In our
study, the videotapes were recorded by one observer; the
second observer was then allowed only to review the tape.
That implicates that the second observer was not inde-
pendent and had to rely on the quality of the first
observer’s recordings. The speculation is therefore offered
that, under a setting with real-time evaluation by both
observers, our results could be more widespread, and
interobserver agreement and accuracy of CD and PD
scanning were less accurate. We cannot rule out such a
possibility but want to provide the consideration that it is
unlikely in clinical practice that each patient is examined
by two observers independently. As a result, our approach
may be also a reliable test for a video-based documenta-
tion system.
Second, with regard to comparison with angiography,
Steinke et al14 and Griewing et al13 found a significant
correlation between CDDS and angiography for ECST,
which Elgersma et al15 did not show. This failure seems to
be a result of the small number (n = 18) of selected
stenoses, which were in addition mostly high-grade
stenoses; medium-grade or low-grade stenoses were not
studied. Furthermore, their plot between CDDS and
angiography for the ECST measurement technique shows
one extreme outlier, which has great influence when a cor-
relation is run through 18 cases. Nevertheless, the latter
group did find a significant correlation for NASCET, and
we found significant correlations for both methods.
However, the method most extensively validated against
angiography is the commonly used Doppler scanning–
dependent method. The question unaddressed yet is
whether CD and PD scanning are convincingly better than
PSF. Our study failed to clearly demonstrate superiority
among the PSF, CD, or PD modes. One reason could be
the fact that our PSF results can be considered to be solid
and comparable to many reports in the literature but are
not as good as desired5,7 to enable us to use PSF exclu-
sively to estimate ICA stenosis by Doppler shift frequency
methods.
To summarize, estimation of ICA stenosis on CCDS
sagittal images by use of defined anatomic landmarks such
as those used in ECST or NASCET provides a good reader
reproducibility. CD and PD scanning are equal in the
stenosis range below 80%; in very tight stenosis CD scan-
ning seems to the more accurate method. When used as
adjuncts, both modes may increase the level of confidence
in the PSF results as the basis for clinical decision making.
Table VII. Sensitivity, specificity, positive and negative predictive value, and accuracy of CD mode to detect ICA
stenosis classified according to ECST
Degree of stenosis (%) Sensitivity (%) Specificity (%) Positive predictive value (%) Negative predictive value (%) Accuracy (%)
≥40 100 74 89 100 91
≥50 98 78 89 96 96
≥60 98 80 87 97 91
≥70 94 82 83 94 88
≥80 84 87 78 81 87
Table VIII. Sensitivity, specificity, positive and negative predictive value, and accuracy of duplex power mode to detect
ICA stenosis classified according to ECST
Degree of stenosis (%) Sensitivity (%) Specificity (%) Positive predictive value (%) Negative predictive value (%) Accuracy (%)
≥40 100 74 89 100 92
≥50 100 79 90 100 93
≥60 98 80 87 97 91
≥70 92 80 81 91 86
≥80 57 87 72 77 77
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